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DUAL-DAMASCENE INTERCONNECT STRUCTURES 
AND METHODS OF FABRICATING SAME 



TECHNICAL FIELD 

5 The present invention relates, generally, to methods and structures for improving 

the reliability and manufacturability of multilevel interconnects in integrated circuits and, 
more particularly, to a dual damascene process with barrier enhancement at the via 
sidewalls and improved capability for fabricating high aspect ratio interconnect structures. 

1 0 BACKGROUND ART AND TECHNICAL PROBLEMS 

Through advanced semiconductor processing techniques, integrated circuit devices 
with sub-micron and sub-half-micron features sizes can now be manufactured. This trend 
toward deep submicron technology (i.e., involving feature sizes less than 0.35 microns) 
has, in turn, driven the need for multilayer interconnects. As a result, circuit performance 

15 in the deep submicron regime is increasingly a function of the delay time of electronic 
signals traveling between the millions of gates and transistors present on the typical 
integrated circuit chip. Parasitic capacitance and resistance effects resulting from these 
otherwise passive interconnect structures must therefore be well-controlled. Toward this 
end, recent trends emphasize the use of low resistance metals (e.g., copper) in 

20 conjunction with insulating materials with low dielectric constants ("low-k dielectrics") 
between metal lines. A low-k dielectric is a dielectric material which exhibits a dielectric 
constant substantially less than conventional dielectric materials such as silicon dioxide, 
silicon nitride, and silicon oxynitride. Silicon dioxide, for example, has a dielectric 
constant of about 4.0. Copper is desirable in that its conductivity is relatively high and 

25 it is less susceptible to electromigration failure than many metals (for example, 
aluminum). 

Modern semiconductor processing techniques increasingly employ Chemical- 
Mechanical Polishing (CMP) in the fabrication of interconnect layers, particularly where 
the number of layers rises above three and the conductive lines themselves are 
30 characterized by a high aspect ratio (e.g., lines on the order of 0.25 ixrx\ in width and on 
the order of 1 .0 //m in height). In a paradigmatic CMP process, a resinous polishing pad 
(e.g., a polyurethane pad) is employed in conjunction with a mechanically and chemically 

1 
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active slurry. When pressure is applied between the polishing pad and the wafer being 
polished, mechanical stresses are concentrated on the exposed edges of the adjoining 
cells in the cellular pad. Abrasive particles within the slurry concentrated on these edges 
tend to create zones of localized stress at the workpiece in the vicinity of the exposed 
5 edges of the polishing pad. This localized pressure creates mechanical strain on the 
chemical bonds comprising the surface being polished, rendering the chemical bonds 
more susceptible to chemical attack by the slurry. Thus, with the correct choice of slurry, 
pressure, and other process conditions, a highly planar surface may be formed on the 
wafer. 

10 A fabrication method which employs CMP techniques and which addresses many 

of the above concerns is the so-called "damascene" process. Damascening acquired its 
name from an ornamental technique, generally attributed to metal-workers in ancient 
Damascus, which involved scribing or incising patterns into steel (most often swords) then 
filling the resulting grooves with gold or silver prior to final polish. Similarly, the modern 

15 semiconductor analog of this process involves, in the broadest sense, forming patterns 
in a dielectric layer, filling the resulting pattern with interconnect metal, then polishing 
away the excess metal on the wafer surface and leaving inlaid interconnect metal 
features. 

There are two major classes of damascene processes: single-damascene and dual- 
20 damascene. These two processes are illustrated in highly simplified form in FIGS. 1A 
and 1B (details of the various intermediary steps are discussed in further detail below). 
Briefly, and with reference to FIG. 1A, a single damascene process involves making 
contact to a lower level conductor 102 (formed, for example, on substrate 107) by 
patterning dielectric layer 106 and forming a conductive plug 104 in dielectric layer 106, 
25 then patterning a second dielectric layer 1 1 0 and forming the actual interconnect wiring 
metallization 108 in patterned dielectric layer 110. In a dual-damascene process 
(FIG. 1B), the interconnect wiring 108 and plug 104 are formed by patterning both the via 
and the trench patterns into dielectric 106, then filling them simultaneously with metal. 
The dual damascene process offers the advantages of process simplification and lower 
30 manufacturing cost. 

The use of Cu as interconnect metal in dual damascene IC devices gives rise to 
many difficulties and challenges. For example, copper tends to migrate or diffuse into the 

2 
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silicon dioxide, where it acts to increase leakage currents or actually short-out adjacent 
conductors. In addition, once Cu diffuses through the silicon dioxide and reaches the 
silicon devices, the device will generally malfunction in some manner. This has motivated 
the semiconductor industry to form diffusion barriers around any copper conductors 
5 present in the structure. The inner surfaces (i.e., the bottom and sides of the via and 
trench) are typically coated with a thin layer of Ti, TIN, Ta, TaN, WN or another adequate 
barrier metal. 

TiN, which is popular as a barrier layer in Al/W interconnect structures, is generally 
unsatisfactory for use with advanced copper interconnect structures. First, it has been 

10 found that TiN exhibits inferior resistance to copper migration. Second, TiN is not 
compatible with current Cu plating techniques used in Cu deposition due to, among other 
things, problems with adhesion of the Cu to TiN. Specifically, Cu is plated directly on TiN 
along the wafer edge with poor adhesion. 

As a result, the use of Ta and/or TaN as a barrier metal has become quite popular. 

15 Ta and TaN may be deposited by physical vapor deposition (PVD) or chemical vapor 
deposition (CVD). Unfortunately, however, CVD TaN/Ta suffers from low deposition rate 
and high deposition temperature (i.e., temperatures greater than 500°C). These high 
temperatures and low deposition rates are incompatible with current interconnect 
processes as well as future processes incorporating low-k dielectrics. Even in the case 

20 where an ionized PVD process is used, high aspect ratio interconnects are prone to poor 
step coverage of the barrier layer at the sidewall of the vias. More particularly, referring 
now to FIG. 2A, a via structure 104 formed within a dielectric 106 (linking metal pattern 
108 and lower level conductor 102), is lined with a barrier 224. As mentioned above, 
barrier 224 typically comprises Ta or TaN. Using known methods, for example, ionized 

25 PVD, the thickness of barrier layer 224 is significantly less near the lower portion of the 
via sidewall (226). As a result, these regions are particularly susceptible to Cu migration 
(228). 

Furthermore, referring now to FIG. 2B, in the case where conductor 102 comprises 
copper , a layer of copper 230 may be deposited along the sidewalls near the bottom of 
30 the via prior to formation of metal barrier 224. That is, copper (from copper conductor 
102) tends to be sputtered along the sidewalls (1) during the silicon nitride etch used to 
open the via connection to conductor 102; and (2) during the sputter-clean of conductor 
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102 just prior to deposition of metal barrier 224. As mentioned above, this copper may 
then diffuse into surrounding structures, leading to significant reliability problems. 

In addition, etching of high aspect ratio (AR) dual-damascene features is itself very 
challenging. Although etching dielectrics is generally easier than etching metals (thus 
5 the desirability of damascene processes), as the lateral feature size of interconnects 
continue to shrink, etching the dual damascene structures of very high AR features leads 
to fabrication difficulties. 

; Methods and structures are therefore needed in order to overcome tnese and other 
limitations in the prior art. More particularly, there is a long felt need for reliable and 
10 manufacturable interconnect structures. 

SUMMARY OF THE INVENTION 
An interconnect fabrication process and structure in accordance with the present 
invention overcomes limitations of the prior art by providing barrier enhancement at the 

1 5 via sidewalls and easing the fabrication of high aspect ratio dual-damascene interconnect 
structures. In accordance with the present invention, a via structure is patterned into the 
via dielectric first. A dielectric barrier (for example, anisotropically etched silicon nitride) 
is formed only along the via sidewalls in the dual damascene structure prior to deposition 
of a metal barrier (for example, Ta/TaN). In this way, the effective barrier thickness along 

20 the bottom of the via sidewalls is increased, eliminating the structureOs susceptibility to 
metal migration. The absence of dielectric barrier along the interconnect trench sidewalls 
leads to low interconnect resistance and low interconnect capacitance. The present 
invention also provides an improved fabrication method for obtaining high aspect ratio 
dual damascene interconnect structures. 

25 

BRIEF DESCRIPTION OF THE DRAWING FIGURES 
The subject invention will hereinafter be described in conjunction with the appended 
drawing figures, wherein like numerals denote like elements, and: 

FIG. 1A is a diagrammatic illustration of a conventional single damascene 
30 interconnect process; 

FIG. 1B is a diagrammatic illustration of a conventional dual-damascene 
interconnect process; 

4 
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FIGS. 2A-2B show a cross-sectional illustration of a prior art via, depicting its 
susceptibility to copper migration; 

FIG. 3 shows cross-sectional illustrations of a method of forming dual-damascene 
structures by first patterning vias in the via dielectric in accordance with various aspects 
5 of the present invention; 

FIG. 4 shows a cross-sectional illustration of an improved barrier along via sidewalls 
in accordance with the present invention; 

FIG. 5 is a flowchart depicting an exemplary processing method in accordance with 
the present invention; 

10 FIG. 6 shows cross-sectional illustrations of an alternative method of forming dual- 

damascene interconnects by first forming vias into the via dielectric in accordance with 
the present invention; 

FIG. 7 shows cross-sectional illustrations of an alternative method of forming dual- 
damascene interconnects by first forming vias in via dielectric in accordance with the 
15 present invention, wherein the lower conductor metal is covered by a barrier dielectric; 
and 

FOG. 8 shows a cross-sectional illustration of an improved barrier along via sidewalls 
in accordance with the present invention. 

20 DETAILED DESCRIPTION OF PREFERRED EXEMPLARY EMBODIMENTS 

An interconnect fabrication process in accordance with various aspects of the 
present invention provides barrier enhancement at the via sidewall and improved 
capability to fabricate high aspect ratio dual damascene structures. While the manner 
in which the present invention addresses limitations of the prior art are discussed in detail 

25 below, in general, referring momentarily to FIG. 4, a via structure 400 formed within a 
dielectric 309 (linking metal pattern 326 and conductor 304), is lined with a barrier 
dielectric layer 314 (for example, silicon nitride) prior to deposition of metal barrier 328 
onto the dual damascene structure. As a result, the effective barrier thickness along the 
bottom of the via (410) as well as the top of the via (412) is sufficient to eliminate the 

30 structure's susceptibility to Cu migration. 

Referring now to the flowchart shown in FIG. 5, an exemplary method of practicing 
the present invention will now be described in conjunction with the cross-sectional 
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diagrams shown in FIG. 3. It should be understood that the exemplary process illustrated 
may include more or less steps or may be performed in the context of a larger processing 
scheme. Furthermore, the various flowcharts presented in the drawing figures are not to 
be construed as limiting the order in which the individual process steps may be 
5 performed. 

Initially, at Step 500, the first level conductor, contact diffusion area, or the like is 
obtained. For example, in the illustrated embodiment, a first metal wiring pattern 304 and 
a substantially planar via dielectric 309 (often referred to as "via dielectric" as via plugs 
are formed within this dielectric layer) are formed on substrate 302 (see FIG. 3A). This 

10 step may be performed through a variety of conventional techniques (e.g., CMP of 
deposited dielectric or a damascene process). Conductor 304 suitably consists of a layer 
or layers of various conductive materials, including, for example, titanium, titanium nitride, 
tantalum, tantalum nitride, tungsten nitride, aluminum, aluminum-copper alloys, gold, 
copper, silver, tungsten, or any other suitable conductive material. In addition, conductor 

15 304 may consist of a previous diffused contact region in a semiconductor, a silicon 
contact, a previous interconnect structure, or any other layer or region to which an 
Interconnect may be formed. 

Dielectric 309 suitably comprises silicon dioxide, silicon oxynitride, silicon nitride, 
or any of the various low-k dielectric materials. In a preferred embodiment, via dielectric 

20 layer 309 comprises a plasma-enhanced CVD (PECVD) layer of silicon dioxide 
approximately 0.4 urn - 1 .0 urn thick above conductor 304, although other materials and 
thicknesses may be used. Optionally, a thin dielectric cap layer (not shown in FIG. 3A) 
is deposited on top of layer 309. This thin cap layer (e.g., silicon dioxide or silicon nitride) 
desirably acts as a hard mask for via etch when layer 309 is a low-k dielectric. 

25 Substrate 302 includes any suitable substrate material upon which or within which 

semiconductor devices may be formed. Suitable materials for substrate 302 include, for 
example, group IV semiconductors (i.e., Si, Ge, and SiGe), group lll-V semiconductors 
(i.e., GaAs, InAs, and AIGaAs), and other less-conventional materials, such as SiC, 
diamond, and sapphire. Substrate 302 may comprise single crystal material, or may 

30 comprise one or more polycrystalline or amorphous epitaxial layer formed on a suitable 
base material. It will be appreciated that substrate 302 may also comprise various 
devices incorporated into a semiconductor material as well as interconnect structures 
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consisting of conductive paths and various dielectrics for isolating these conductive 
paths. 

In Step 502, vias 312 are formed in via dielectric 309 (FIGS. 3B-3C). This may be 
accomplished using a variety of known lithographic techniques, for example, conventional 
5 optical lithography (including, for example, Mine and deep-UV), X-ray, E-beam 
lithography, and plasma etch techniques. Jn a preferred embodiment, a layer of 
photoresist 310 is deposited and patterned using a suitable lithographic method. Next, 
dielectric 309 is suitably etched (e.g., using a dry plasma etch) to form the via hole 
pattern, and the photoresist layer 310 is removed using, for example, an oxygen-based 
10 or hydrogen-based plasma. 

Next, in Step 504, a conformal barrier dielectric 314 is deposited within vias 312 and 
along the topside of via dielectric 309. As mentioned briefly above, this layer will 
ultimately act as an additional barrier along the inner walls of the vias (i.e., barrier 
dielectric 314 in FIG. 4). In an exemplary embodiment, barrier dielectric 314 comprises 
15 a silicon nitride layer having a thickness of about 100 - 1000 A. This layer is suitably 
formed using a conventional CVD process. Alternatively, barrier dielectric layer 314 may 
be formed by exposure of the structure to an environment wherein all or part of the via 
dielectric 309 exposed is substantially transformed to a barrier dielectric. For example, 
. in the case where dielectric layer 309 comprises silicon dioxide, a conventional nitrogen 
20 plasma process may be used to transform the exposed via dielectric 309 surface into a 
thin layer of silicon nitride. 

In Step 506, a dielectric layer 316 is then deposited over barrier dielectric 314. In 
a preferred embodiment, layer 316 comprises a CVD layer of silicon dioxide 
approximately 0.2-1 .0 microns thick. As shown schematically in FIG. 3D, dielectric 316 
25 will typically fill a portion of vias 312 (and might also be deposited along the sidewalls and 
bottom of via 312). 

Next, in Step 508, wiring dielectric layer (or "trench dielectric") 316 is patterned in 
accordance with the desired interconnect wiring pattern (FIGS. 3E-3F). As described 
above in connection with layer 309, this may be accomplished using a variety of known 
30 lithographic techniques, for example, conventional optical lithography (including, for 
example, Mine and deep-UV), X-ray, E-beam lithography, and plasma etch techniques. 
In a preferred embodiment, a layer of photoresist 318 is deposited and patterned (pattern 
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320) using a suitable lithographic method. Next, dielectric 316 (including the dielectric 
material which partially fills vias 312) is suitably etched (e.g., using a dry plasma etch), 
and photoresist layer 318 is removed using, for example, an oxygen-based or hydrogen- 
based plasma. During this step, layer 314 effectively acts as an etch stop. That is, the 
5 etch process is chosen such that the materials used for layers 316 and 314 exhibit a 
differential etch rate. For additional information regarding etching of silicon dioxide, 
silicon nitride, and the like, see, for example, Givens et al., Selective dry etching in a high 
density plasma for 0.5 &m complementary metal-oxide-semiconductor technology, j. Vac. 
Sci. Technol. B, p. 427 (Jan/Feb 1994), hereby incorporated by reference. After etching, 
10 as shown in FIG. 3F, substantially all dielectric material 316 inside the via holes is 
removed. 

Next, as shown in FIG. 3G, dielectric barrier 314 is etched such that the dielectric 
barrier is substantially removed at the bottom of the vias and remains along the sidewalls 
(324) of the vias, yet is substantially removed from the top of dielectric 309 (Step 510). 

1 5 This is preferably accomplished using an anisotropic etching process. In addition, it is 
preferable that this etch is selective to dielectric 309 — i.e., the etch will stop or slow when 
it exposes dielectric 309. A conventional anisotropic etching process used to form the 
spacer during the fabrication of CMOS transistors may be used. This provides the 
desired anisotropic etch of silicon nitride and etch selectivity to silicon dioxide. In one 

20 embodiment, approximately 30% to 50% of the silicon nitride remains along sidewalls 324 
of the vias. 

In Step 512 a barrier metal 328 is suitably deposited within vias 312 and wiring 
pattern 322, followed by deposition of bulk metal 326 (FIG. 3H). Barrier layer 328 may 
consist of a variety of materials, for example, titanium, titanium nitride, tantalum, tantalum 

25 nitride, tungsten nitride, TiSiN, TaSiN, CoWP, tungsten, and/or molybdenum. In an 
exemplary embodiment, the adhesion/barrier layer suitably comprises a Ta/TaN film 
approximately 50A-300A deposited using ionized metal plasma (IMP) or hollow cathode 
magnetron (HCM) sputtering. Referring momentarily to FIG. 4, it will be noted that the 
combination of metal barrier 328 and dielectric barrier 314 provides a particularly 

30 advantageous barrier to prevent copper migration. Just as barrier dielectric 314 tends 
to taper near the top of the via (due to the anisotropic etching step), barrier metal 328 
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tends to taper near the bottom of the via (410). Thus, the resulting structure is 
significantly more robust than prior art structures. 

Depending on the particular process, a suitable adhesion/wetting/barrier metal layer 
may be deposited within trenches 322 and vias 312 (i.e., in addition to or as part of layer 
5 328). As is known in the art, adhesion layers generally assist in strengthening the bond 
between metal and dielectric layers, and barrier layers provide a barrier to prevent the 
migration or alloying of one material into another (for example, copper diffusion into 
silicon). Wetting layers promote metal fill in high aspect-ratio features. In this regard, 
it should be appreciated that a single material may exhibit one or more of these properties 

10 in a particular context. Thus, the terms "adhesion layer", "wetting layer", and "barrier 
layer as used herein are not meant to be limiting. 

Referring to FIG. 3H, metal 326 suitably consists of a layer or layers of various 
conductive materials, including, for example, titanium, titanium nitride, tantalum, tantalum 
nitride, tungsten nitride, aluminum, aluminum-copper alloys, gold, copper, silver, 

1 5 tungsten, or any other suitable conductive material. In an exemplary embodiment, metal 
326 comprises copper deposited using electrochemical deposition (or "electroplating"). 
Alternatively, other deposition techniques such as CVD may be used. Many commercial 
tools are suitable for the copper-electroplating step, including, for example, the EQUINOX 
tool manufactured by Semitool and the SABRE tool manufactured by Noveilus. Such a 

20 system suitably employs a CuS0 4 -based bath at room temperature using a DC or pulse 
current waveform control. 

In an exemplary embodiment employing electroplating of copper, a copper seed 
layer is deposited prior to forming bulk copper layer 326. The seed layer helps in 
delivering electron current uniformly on the wafer for initiation of uniform electroplating. 

25 The copper seed layer is suitably formed using ion-metal plasma (IMP) or hollow- 
cathode-magnetron (HCM) sputtering deposition for better bottom and sidewall coverage. 
Alternatively, the copper seed layer can be deposited by other PVD techniques or CVD 
techniques. In an exemplary embodiment, the copper seed layer is approximately 500A 
- 2000A thick. 

30 In Step 516 the excess metal 330 (not shown) and corresponding 

adhesion/wetting/barrier layers on the field are removed, forming the desired interconnect 
wiring (FIG. 3H). In an exemplary embodiment, this step is performed using a 
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conventional CMP process. In the copper metallization context, a suitable CMP slurry 
consists, for example, of any one of the following combinations: hydrogen peroxide and 
alumina; ammonium hydroxide and alumina; or nitric acid and alumina. This process can 
be performed using a conventional polyurethane pad, for example, the IC1000 and 
5 IC 1400 pads manufactured by Rodel. 

In summary, methods have been disclosed for increasing the effective barrier 
thickness along the via sidewalls in order to eliminate the structure's susceptibility to 
metal migration. One advantage provided by this new approach is that the dielectric 
barrier layer is formed along the via sidewalls but not along the wiring trench sidewalls. 

10 This is achieved by etching via holes into via dielectric first and then depositing barrier 
dielectric before the trench dielectric is deposited. The absence of barrier dielectric along 
the wiring trench sidewalls leads to low interconnect wiring resistance (as more physical 
trench space is filled with conductive metal) and low interconnect wiring capacitance 
(because the typical barrier dielectric has a relatively high dielectric constant). 

15 This approach provides yet another advantage, i.e., improved capability to etch dual 

damascene structures with very high aspect ratios as compared to well known "trench- 
first", "via-first", and "middle-first" dual damascene approaches. Although the via holes 
are partially filled with dielectric material after the trench dielectric is deposited, removal 
of the dielectric material in the via holes during the trench etch step is much easier than 

20 with the trench-first and middle-first approaches because there is substantially less 
dielectric material deposited in the via holes in the present approach. Thus, the present 
invention can be practiced even in cases where barrier enhancement along the via 
sidewall is not required, for example, in aluminum dual damascene processes. or where 
a more conformal metal barrier layer can be deposited along the via sidewalls. In such 

25 a case, etching of the barrier dielectric layer (Step 510, FIGS. 3F-3G) may be performed 
either isotropically or anisotropically. 

FIG. 6, then, illustrates an alternative method of forming vias in dual damascene 
structures in accordance the present invention. FIGS. 6A-6F depict a modification of the 
process shown in FIG. 5, minus steps 504 and 510. The resulting process involves 

30 formation of via dielectric 309 and an etch stop layer 315 (i.e., silicon nitride) over 
conductor 304 (Step 500); formation of vias 312 into etch stop 315 and via dielectric 309 
(Step 502, FIG. 6A); deposition of trench dielectric layer 316 (Step 506, FIG. 6B); 

10 
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patterning of dielectric layer 316 to form trenches 322 (Step 508, FIG. 6C-6D) where etch- 
stop 315 acts to protect dielectric layer 309 when the dielectric material in the via holes 
is etched away; etching away etch-stop dielectric 315 at the bottom of the trenches 
(selective to layer 309) to reduce interlayer capacitance (FIG. 6E); and deposition of 
barrier metal 328 and bulk metal 326 followed by CMP (Steps 512-516, FIG. 6F). 

FIGS. 7A-7F show an alternate embodiment of the present invention which further 
includes use of cap barrier layer 305 (e.g., silicon nitride) over copper conductor 304 (or 
other suitable metals). This structure may be formed in accordance with the method 
described above in conjunction with FIG. 3. As shown in FIG. 7A, layer 305 remains after 
via etch to prevent Cu oxidation in subsequent processing steps. The portion at the 
bottom of the vias is removed later with the dielectric barrier at the via bottom by the end 
anisotropic and selective etch (see FIG. 7D-7E), such that the resulting dielectric barrier 
remains on the via sidewalls, and the vias are opened. 

It will be appreciated that the current approach with barrier enhancement also 
prevents migration of extraneous sputtered copper on the via sidewalk That is, as 
described above in conjunction with FIG. 2B, copper from, for example, a copper 
conductor 102, tends to be sputtered along the sidewalls during the silicon nitride etch 
used to open the via connection to the conductor (FIGS. 7D-7E), and during sputter-clean 
of the conductor just prior to deposition of the metal barrier. As shown in FOGS. 7D-7E, 
20 the present invention provides a dielectric barrier along the sidewall before the bottom 
of the vias are opened to expose the conductor. Referring to FIG. 8, methods in 
accordance with the present invention result in a dielectric barrier 314 between copper 
230 and dielectric 309. Thus, copper 230 is effectively trapped between metal barrier 
328 and dielectric barrier 314 and cannot therefore migrate into dielectric 309. 

It will be appreciated that multiple interconnect levels may be fabricated using 
methods in accordance with the present invention. More particularly, it is possible to 
repeat the methods presented above in order to build one or more subsequent dual 
damascene interconnect structures upon the existing structure. 

Although the invention has been described herein in conjunction with the appended 
30 drawings, those skilled in the art will appreciate that the scope of the invention is not so 
limited. Various modifications in the selection, design, and arrangement of the various 
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of the appended claims. 
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CLAIMS 

1 . A method of forming a dual damascene interconnect, said method comprising 
the step of: 

depositing a via dielectric layer; 

patterning said via dielectric layer to form a via structure therein; 
depositing a trench dielectric layer over said via structure and 

said via dielectric layer; and 
patterning said trench dielectric layer to form a trench structure therein. 



10 



2. A method of forming a dual-damascene interconnect structure, comprising 
the steps of: 

depositing a via dielectric layer; 

patterning said via dielectric layer to form a via structure therein; 
15 forming a dielectric barrier layer such that the sidewalls of said 

via structure are substantially covered by said dielectric 
barrier layer; 

depositing a trench dielectric layer on said dielectric barrier 
layer; and 

20 patterning said trench dielectric layer to form a trench structure therein. 

3. A dual damascene interconnect structure comprising: 

a via dielectric layer having a via formed therein, wherein the 
sidewalls of said via are substantially covered by a 
25 dielectric barrier layer, and wherein at least a portion of 

said dielectric barrier layer is covered by a metal barrier 
layer; 

a trench dielectric layer having a trench formed therein, wherein 
said trench communicates with said via, and the 
30 sidewalls of said trench are substantially covered by said 

metal barrier layer. 



13 



BNSDOCID: <WO 0039849A1_I.> 



WO 00/39849 



PCT/US99/31052 




WO 00/39849 



PCT/US99/31052 



2/11 




BNSDOCID: <WO O0Q9849A1J_> 



WO 00/39849 



PCT/US99/31052 



3/11 



///////////////// s 
w////////////// ^ 
///////////////// ^ 

///////////////// ^ 
/s/ssssss/ssssss* \ 

SSSSSSSSS/SSSSSSJ \ 

///////////////// ^ 



6 



S/SSS/SSS/SSSSSSSSSSS* ^ 

sssssssssssssssssssss* ^ 

'SSSSSSSSSSSSSSSSSSSS* ^ 

fssssssssssssssssssss* X 

////////////////////// V 
SSSSSSSSS/S/SSSSSSSSSs \ 
SSSSSSSSSSSSSSSSSSSSSs \ 
/SSSSSSSSSS/SSSSSSSSS* v 

//✓/////////////////A N 

/SSSSSSSS/SSSSSSSSSSS* \ 
SSSSSSSSSSSSSSSSSSSSS* 5 

////////////////////// ; 

///////////////////✓Af 
SSSSSSSSSSSSSSSSSSSSS* 
SSSSSSSSSSSSSSSSSSSSSS 
SfSSS/S/SSSSSSSSS. 



'SSSSSSS//SS/SSS4 
'SSSSSSSSSSSSSSS4 
S/SSSSSSSSSSSSSS4 
'SSSSSSSSSSSSSSS* 
'SSSSSSSSSSSSSSSs 
'SSSSSSSSSS/SSSS4 
'SSSSSSSS/SSSSSS* 
W////////////// 



loM 



SSSSSS/SSSSSSSSSs 
^ 'SSSSSSSSSSSSSSS* 

\ ssssssss/sssssss* 
X w////////////// 

}v//////////////> 
y//////////////y 

'SSSSSSSSSSSSSSS* 

ssssssssssssssss* 

'SSSSSSSSSSSSSSS* 




T ssss 

WSSSSSSSSSs 
'SSSSSSSSSSSS 
SSSSSSSSSSSJ 

sssssssssss* 



'SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS^ 

'SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS^ 

'SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS^ 

////////////////////////^^^ 

///////////////////////////////////^^^ 
w///////////////////////////////////////^^^ 



I£>Cp 



nwcnnrirv nmoa^oAi i ^ 



WO 00/39849 



PCT/US99/31052 



4/11 




BNSDOCID: <WO 0039849A1_I_> 



WO 00/39849 



PCT/US99/31052 



5/11 




•JoZ 





WO 00/39849 PCT7US9 9/3 1052 



6/11 




321 




,328 




BNSDOCID: <WO 0039849A1_I_> 



WO 00/39849 



PCT/US99/31052 



7/11 




WO 00/39849 



PCT/US99/31052 



Form via 
dielectric over 
1st layer 
conductor 



8/11 



Form Vias in 
via dielectric 



Deposit 
Barrier 
Dielectric 



Deposit 
Trench/wiring 
Dielectric 



Pattern 
Trench/wiring 
Dielectric 



Etch Barrier 

Dielectric 
(Anisotropic) 



Deposit Barrier 
Metal 



1 


f 


Deposit 
Interconnect 
Metal 




r 



CMP 
interconnect 
barrier metal 
1 



FIG. 5 



BNSDOCID: <WO_O039849A1J_> 



WO 00/39849 



PCT/US99/31052 




2 &*l^M*M*t<»5 




WO 00/39849 



PCT/US99/31052 



10/11 




BNSDOCID: <WO_0039849A1J_> 



WO 00/39849 



PCT/US99/31052 



11/11 



////. y/////////// a 
v/////////////// X 

///////////////// S 

V/////////////// ^ 



f0 8 



'SSSSSSSSSSSSSSSSSSSS* 
'SSSSSSSSSSSSSSSSSSSS* 
'SSSSSSSSSSSSSSSSSSSS4 
'SSSSSSSSSSSSSSSSSSSS4 
'SSSSSSSSSS/SSSSSSSSS* 

'ssssssssssssssssssss* 

'SSSSSSSSSSSSSSSSSSSS* 
'SSSSSSSSSSSSSSSSSSSS* 
'SSSSSSSSSSSSSSSSSSSS* 
'SSSSSSSSSSSSSSSSSSSS* 

wsssssssssssssssss* 

'SSSSSSSSSSSSSSSSSSSS4 
'SSSSSSSSSSSSSSSSSSSS* 
'SSSSSSSSSSSSSSSSSSSS* 




§ V//////////////, 

N ///////////////// 

^ ' V//////////////, 

>y SfSSSSSSSSSSSSSS* 
'SSSSSSSSSSSSSSS* 



'SSSSSSSSSSSSS/S* 

'sssssssssssssss* 

'SSSSSSSSSSSSSSS* 
'SSSSSSSSSSSSSSS* 
'SSSSSSSSSSSSSSS4 
'SSSSSSSSSSSSSSS4 



INTERNATIONAL SEARCH REPORT 



InU ;ional Application No 

PCT/US 99/31052 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 H01L21/768 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification svmbotel 

IPC 7 H01L 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practice search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 5 595 937 A (MIKAGI KAORU) 
21 January 1997 (1997-01-21) 
column 5, line 33 -column 7, line 65; 
figures 5A-5H 



1-3 



US 5 705 430 A (GUPTA SUBHASH 
6 January 1998 (1998-01-06) 



ET AL) 



column 3, line 50 -column 5, line 65; 
figures 3A-3S 

US 5 753 967 A (LIN MING-REN) 
19 May 1998 (1998-05-19) 
figures 3,4 



| | Further documents are listed In the continuation of box C. 
0 Special categories of cited documents : 



Patent family members are listed in annex. 



"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

'V document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

O" document referring to an oral disclosure, use exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skiiled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 



20 April 2000 



Date of mailing of the international search report 

08/05/2000 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



Boettlcher, H 



Form PCT/lSA/21 0 (second sheet) (July 1 092) 



BNSDOCID: <WO 0039849A 1 _l_> 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



Inti .ional Application No 

PCT/US 99/31052 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



1 1 c 

us 


5595937 


A 


21-01-1997 


JP 


2728025 


B 


18-03-1998 










JP 


8288389 


A 


01-11-1996 


US 


5705430 


A 


06-01-1998 


NONE 








US 


5753967 


A 


19-05-1998 


EP 


0792513 


A 


03-09-1997 










JP 


10509285 


T 


08-09-1998 










WO 


9710612 


A 


20-03-1997 



Form PCT/1SA/21 0 (patent tamfly annex) (July 1992) 
RN.Qnnr.ir> <rwr> rvrtttttdjoA 1 i 



